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(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of silicon wafer and single crystal silicon, 
which lowers density and size of such defects as COP, 
improves productivity of silicon wafer with superior 
device performance and high quality, and reduces cost. 



SOLUTION: The mirror surface silicon wafer is obtained 
by cutting a rod of single crystal silicon being grown 
in a condition where V-rich zone is superior in CZ 
method. Its particle size is controlled in a way that 
number of particles with 0.1 or more becomes 1 
partic!e/cm2 or less on counting particles with a 
particle counter. 
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/c53Ert' , ;>#5 4. cn*«s-r*ms;u^!j<6 4. & 

;l>-;/sK5» 6£BX<3ili?<fc , 5W:i2H3ftfcb-*74»r 
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tiXimAZtl. 5l±tf*©«tSS3£*fxB*Wl 1 
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[0 00 3] ±tBCZffifCj:oTSgji<*nSS'y=i>$i 
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20 ^^^/<^^-ct4w»»{t*j]i*. aswir* 

0. 1 3~0. 1 8 umVJ X&mi<>t>tl-C\<>2>. C© 
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c4*j*-5) 4min-2»^ras?'>y=i>^XRS©'en 
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[ooo6] con j&^©tf!£«. c zatcfcw*^ 
n©?i±tf)ig (sssiis) <t*6H4"©ffl?£??ffijfi#© 

fc. V-Iii I -»©K©N-M«Ktt, OSF 
(^b^ii§«Jl^Ri> Oxidation Indus 
ed Stacking Fault) £P¥t£tl<& ') > 

zw&vmEimmz t\x c » 5. 

[0 00 7] cn^^SgeHO^Ra^S-rSi. 
0flxtf»&gai&#O. 6mm/m i nftr&&-t<!:J:tg&ft { J 
WSKWi^tCtt. £ft*^©*^#jfi£Lfctf-f F 
jgHiSftT^SFPD. LSTD. COPfOyo- 

^^MJSiWin-rc^. $fc. 'jftftaffitfO. 6mm 
/m i n«T©ii§^«\ JiSgjIgtfXSTfcm*. I n t 
e r s t i t i a 1 rt5^:<fc&9_hlEL/cOSF y>y 
jWS«OJS2»» 5#6£ 0 . C© 'J > jg&MMclEfiL'l'-- 
^Hi^enrt^SL/D (La r g e D-i s i 
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t U-C. mj*ia»aB©«Si*tWWbA:WI¥8-.- 3 
3.0 3 16 -^RfgtCia^;* tifcm&ifi$> £ .: M^itV - 

<ommim-ctet'*> w&xM&m&xteK^tpmmw 
a&sisn-s. 40 

[0*00 9] L#>U *SJlJ&BjI&#0. 5mm/mi 
nWT£«l£©il&li.© 1 mm/i i ngKKJtfSLT^ 

1, < «<«:•>. £&14jW8TU htfUSBSLTL* 
5. S^KN-SSiStt. S?^ftHCDW-*4ac L^C» 

[0010] IRDii^fc^LM^Rlfc** < 
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Wfi 1 <l/ c m 1 fcJT©fiffi:> y 3>-Jrx-,r»«, ^pg 
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[0 0 1 4] •ei/'rc©i»^ 0. 1 wm-tMXJ^i© 
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■TSfc&Kii^ fclT©J;^^^S^fpr^g$-i±^ 
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SS©B5»-C*«3WS«:)&:Sai'¥®?SS«Wt^ MS 
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rc OP £ l/T8Jg3n£:KP(S£7&£-r^ C tK.UZ>„ 
[0 02 6] U-?X. ^l>t-fXOCOP^Pi^ 
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C ©«*Jfc *^RS©f**H*i|Btt^ i ft o "cawitt : 

40 a^nssa««s«ci!g6ns. u^x^mmim^ 

n^siiS©Bji{b«.^RS©ia»fi=&^<-ri. &l± 
(DJzmmmfch. Mfj^^pstga^sius©^ 
^orttflnL-. ss«JiB©ittti-c«^TS£«^e»n 

•5. S£or^PijafiJfi«*J*J J:-€-«SiISF.<ka*a 
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</&g£tfftl>/c#K:U:> ^§3^1 1 - 1 1 63 9 1f 
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*>>6 1 4 00 o C£r<Di&K£jgEG (K/mm) ,115 
0°C^6 1 08 0 0 CCDSS^OS^L (mm) % t£A 
J&g&gF (mm/min) i.l/ci^K, 
ftl££ft£ tI50 *C2p6 1 0 80 "COBKIKKOBjB 
^HL/F^O. 28/(F/G-0. 2 2 5) ' HT 

[0 0 3 0] /c/cb, F/Gffi^0. 2 2 mm* /K • 
m i n«TG>HteB\ OS F ©^*£?LSSj^IB#« 

^^•o 8eotL/F^0. 2 8/CF/G-0. 2 2. 
5) 1 aTr*oF/G*S0. 2 2«Jbr*SlS»WJlS 

g^iS- 2 0m miftid^O^«tKIH«^ ft 0 , 
S4M>#>6JS2Z2 0 mm**V - U ^ ?««iftSC tr6 

4>So 

[0 0 3 1 ] 3 6(CCOP^RS^-YX^/h3<S5fftD a a 
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[0 03 3] «tt©ffl«^©tf#^c«rc*«if/hsc^ci8 

^PSU* JX<Dm>b<Dtc&K.UL/Fifi4 0#tiTr#>£ 
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T. 04iOF/G^O. 2 7 J:9/Jn31>B* % 0. 10 

T % L/F#4 05W2tTT?* ^oF/G^0, 2 2mm 
l /K • m i n«±0. 2 7 mm 1 /K • m i n«K 
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■ *W0. lffl/cm 2 «T£lOWC^tti&»& J »6 

[0035] &tecc-em^fcG*>L<Dm&m&&f&m 

10 SfV7hFEMAG (F. Dupret, P. Nico 
deme, Y. Ryckmans, P. Wouter 
s, and M. J. Crochet, Int. J. H 
eat Ma s s T r a n s f e r , 33, 1 849 
(1990) ) CDquas i-stead y K^rffl 

F*rt^/c^J>3< U F/GttV-U *>flW*W« 

[0 03 6]. S.6CC±ELfcWJSJE*frTC^ U ^ 

(tW«:«ilSfi*<DS«iSK3&s l xio 15 I/cm 3 fel 
T% tSWJ^'Jai/'Jx^ti 1 5 0°CX l 00^ 

K(7 7B:««.:»S:*= 1:15:3:5)^8 
MmaBRx'y^>^L/rfe, *<D^ffi«:OSF#iBK3. 

.[0 03 7] > y3>*BW«: 1 x l. 

0 10 I/cm 3: eSCDS^fiCD^*aSjtlPU/cJ©^-C 

iS%WT^iOSF^4bl^« *§g<DW)& 
^CCfeS^S+ia*** KfR?8a»*> 1 6 p p m a - J 
E i:DAgKrttS*affi»l x 1 0 13 {B/cm 3 UK 
40 rftD, M«affi^>l 0 ppma- J E I DA (H* 

tt5 x l 0 13 I/cm 3 mBCVs &Mi£&& 5 p pma 
- J E I D A«T©«(^^ttrfe««D8W3 x 1 
0 14 l/cm J mSL-COSFtim&lstc. Sfot, OS 

y n >*MSS^ o wit A* 6 fp§3 ^ n/c ^ x w% tc 
50 i^r^S. 
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&b-£7©*HIiJCCtt. JJDS»t--*7#>6©&*W^> 
* + Z**< 1 «c«8««sn4©*'i»j£ , r iBrffttt 8 mm. 

+ r ftffKttv' ? Lbtf* 2 ©±SBCCS; 
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[004 1 ] **M8©^»*WflW:S;te*>K:tt. ±13 
L?c J: 9 K*«gfittO/<5j«- fL/Fi F/G*«tC 
*3 < -T&i&Bfts&S. J&Bj£SFttL/F©#S<t F 

-h. A* < S3»3 ** C & BTC * ttt *. .' * C "CL */Jn 3 

Cc«. ^©^JctttoC>g©:S#&ifeT£>g#&£. 

[0042] C©^aifgi 1 3rt(Cttfe&MK*«AQ 14 

*^^£Pjei»Ai*A3n. ^^pfSf 1 3rt*«iRi/^ap^ 

*&^Ts©**#js-c£>-2>. *Lxm£m&on^& 
nfrbttzmmmt <m&%f) 12 sows or. cck 



6) ^200 1 -278 692 

10 

7 e, ©fitflsa* am u r i » 5 . 

[0 043] 

(Xtkffli ) tHBH5(cmOMMS«3iJ:W»B2 o* 

#£g$0fcHZr«:, G=3. 6 6K/mm. L=2 
5. 2 1 mm<iftff3*lfc.„ C©;U*^5i<K: 1 5 0 k g© 
10 ^feg^ya^fcAftiSBIlLfc. C©S^i"J=i>*>6 
Kri^¥*ffiKJBRK F * • 1 . 1 0 m m/m i n TiO! 
SSttl 2 0 c.m©aS8^>^PM*|gS*Wfi£L 
fc.. S£-7fL/F= 2 2. 92min. F/G=0. 3 
0 0mm' /K-mi nT?*«3#l^©WJj£&#£?8/<: 
ITI>5. &*$C©B#. ^©SJS*#«-i±T(CSftjJ; 

[0044] c c^htitcmi&m>ffiim*m 1 o q 

cm. WlMi§S£.\£$} 15ppma-JEI DAta5-> 
20 fc. C©«SS*»6W»3ab-C^S8Ufc^®i"J3>'?x 
-^*sc l &»?tt±tf * 
-SPlKtO. 1 0 amlfW'XJ-Xt©^-?-^ ^ifc 
-e©fe*«. 0 7(C7nb/cJ;9ifef-^ 

• x#*rc& o . a(ca^sit«« 1 ©im x^tcjt® 

*S6tifc. C©")i-a©0. 1 0 wm-y--<XJ&Lh© 

^ * * A^Mtt* 8 w >.^^ffi-^ 2 3 8 m. 

BO -76/cm' -r*i3.-M»ftaK©f x-^"C* 
•oft;. 

30 [0045] (JUtM2) jamiTffl^JfcftfrtBD 

Hz*ffli>r. 1 5 o kg©sai'y3>* > 6iUHSs 

^1 20 cm©i£S8^>^.PS!#ilSS*WfigL.fc 0 C 
©^f, BIBa5©¥^l^*aS F 1 «fc 0 < 

0. 9 1mm/mi nil/fc. f^>TL/F = 27. 7 
Om i n. F/G=0. 2 4 9mm' /K • m i n iit 

gsnfc. z<Dt£§kt>9mm i Ha«c®!i*w i o q c 

m, m&i&&te&)l 5ppma-JE I DA7in?c. 

fe*jc©^fetf'i:»fi5is^4 ooo 7.<omm*BMja- 
40 [0046] c©Mb1^^^d Wbr^isufc^®^ >; 

sp lfcro. i o jumtf-rxfeti©^-^ 

10/imf-r x«±©^-- jk* 8 -f > 6 

ii. W-Xl&mtO. 02/cm' "C*0. ^{CS0^C 
d°pM© •? x S C i *«T # fc. 

[0 04 7] <§©5feWI3) SUtWl-Cffl^A^feffiBIO 
50 HZ4ffll>t, 15 0k g<om^>'J zt>fr?>\g.M$b<D 



n 

¥-8}f$,&MB.F 1 . 10 mm/m i n iSISSfl 1 tWl 
CiSfi-CifiPgS^ 1 2 0 cm©8-Y>*P§0i|M§&£ 

fctiS-r ©SJRjgaai 3 x i o 1 1 fi/ c m ' t * «t 5 

K^sg^^ttiL/c. c©*§n,4>sii&0i i tmrniamm 

filOQcm. i^iSS^l 5ppma-JEIDA-C 
&->fc. !&*JCCD^fc^DiSiS*i4 0 0 0^'?^<D«lfia 

[0048] CCDM^^WOWLrf^L/^M^U 
1 1 5 0-C, lOOO^D-Jif HO, 
OT»"FCHMfc*SIU iI!Rtt©**il®fg (7?®: 
ISK : Wm 1 : 1.5 : 3 : 5) t?8 Atm©jIKRx 
y^>^4l/-Cfe. *©^c§KOSF#l&gl;*ft&#>o 
fc. £/c. /'i-7 i ^;W'J>f-SPlKt0. 10 
um-y-JX&LkWi-J'-i i>)\s&Z*V> r Lit. ■£© 
&&; 0 . 1 0 At m«Jb©^- f- a V MX 8 A > 
-CI 9 2<@; ¥^&S(*0. 6 1/cm' *>3. ItSSWI 

[0049] *SS09 1 -cffl^/c^ilel t; 

H'Z*ffl«r»r. «»€BlttHf**«:» 15 0k g©?gllr> 

•j 3 z/tPbwm&zm v 2 o c m0Das8 a y^pmm 

1. 0 2 mm/m i n £ Ifc. S£oT L/F = 2 4. 7 
2 m i n \ F/G= 0 . 2 7 9 mm' VK • m i- n iff 

nsnfc. c©*snw:< i&ttmfoi o'Qcm, ®i&ga 

tt$*Jl. 6 p pma — J E<I.DAt*-j&.. 

[0050] c©MS"^e.wo atitfWLJaBii/- 1 ; 

a > x-^£ S CI j5fc#t?ft±tf;fcf&.: -X-?>4 f>V 
2/9>£-SP 1KT0. 1.0 umlMXtti©^-?- 
^AM*'»i:Lfc. *©l£lfl. 0. lOwmt-f 
XfeU:©^-^-* *;HJ8 -fC/^±ffi"C2.--2'8ffl;. 

ssa«o. 7 3/cm 1 -cao. s»*iaa© , f x-^ 

[005 1 ] (J£©0« 1 ): H 6 iCfjk 0 ft <£ 5 ft#iPfi?i£ 
JBt>ttt»9ft®HZ*JaK&fc. C©fS2 4 
^#*Sgffll/fcH-Z~CBG.= 3.04 K/mm, L= 4 
1. 0 9 mmitf-ff Snfc.' C©^;^^CC.l 5 0 kg©- 

>*>6B:PSP©¥^)REftiiaF 0 . 9 8mi/m Ln t? 
itlHgSi^ 1 2 0 c m©8 ^^^PS^MS^WfiSb 
fc. J£-5.tL/F = 4 1. 9 3m i n. F/G=0. 3 
2 3 mm' /K-mint?40; #ffcBJ!©«8HifT& 

■s. c<oi&&(Di&iK , m\m i oQcm, mfum&im 1 

5 p pma -J E I DA^n)/!:. &fcC©B#*>jt&© 

[0052] coymikfrhm*) m vximbtcmm^ y 

tiVZsZ-SP ltcr.O. lOumt-fXeiiCA-f 

VAX9mx-»>*). n^i*5«fciy!j|jfiW2©if-rx^ 
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fttctmUX. VAX- ggi^^C£*to*5. 

0. 1 0 um-y-AX&.±<DJ-i-7-4 2Mt8 A^?±M 
VI 1 8 HB. ^?BK«3. 7 6/cm* # 
^fctt^RS©^ 1 ? x w» t & fc„ 

[0053] (tmmz) mmmivm^tc^Ftmc 

HZ^fflti-C, 1 5 0 kg<omfflZsV^>tr>t>&m&2 
mi 2 0 cm©8^>fPl#MS*Wfi!El/fc. C© 

' us. iupgi5©^fi£S3$a f zmmm 1 j: o o a< 

1. 7 5mm/min£Lfc. ^tL/F=14. 1 
10 4min, F/G=0. 478mm' /K'mint* 

>3*^©ffiH^r*>S. C©^%JUS0llll^«lK:a 
fi?P£iftl OQcm. l^gg«14.ppma-JE I D 

A-ra->fc. **jc©^fc*^»is*i4 0 o ojjvzo 
[0054] c©m h b b ^6«]»3 mux^mbtcmm^ v 

#^>£-SP HCTO. 1 0 umVAX\<l±.<Drt— T 
+^;H4*^>Hfc. -e©^S. S7«:^-rj:^^ 

y-Axajs-cb*). uMmi ttt^tcopvAXit- 

fc. 0. 1 0 Aimtf-rXkU:©/"?-^ ^;Hi8 -fV5=- 
^ffi-C 1 0 3 9<@. 3 . 3 1/cm' T?* " 

0. *^{Ctb-s^©^l^x->'N-C&o/i:o 

[0 05 6] '3t3MB©*aBBffltTtt. itS2 0 

30 Omm. (8.^>^) ©->•; ^^^^^fiSS^-li-Cl,^ 
ifi^©2 5 0 mm (10 A ~4 0 0 mm 
(1 6A>?) A-5.t^*^-n«±©^:iiLS^x-^cfe 

[0 0 5 7] *I%BJ©JIJ6W-C«. ±Ki/>;3>. 

*sa©?iJii^ce8is^EnJjn-r5Mczs (Mao 

etic field appliedCzochr 
a! ski crystal growth, meth 

od) ic-o^xmrni-tcifi, *»?8«cn«:teR3es*i- 
-r; ats©^a ^^w^*-^{cfep«itcaffit?*4c 

[0 05 8] 

SfiS^fe^tcj;n«. ->U3>ii$gtf©cop^©^pg 

SaS^-YX^^c^S-li-iCi^-rt. ^nV^ 
^tt. Ka^HH#tt^«c«JS«:R«-rc:i©^t^«) 
r{g^pg©i«a«^ 'J =» > f> x - ^*ti«-r * c t mx 

#•5. SeJC^^-r^^KiKSIi^-S^-YX©^* 
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[II] 0. 1 0(xmt-f XJW±0^*- ffr&ictt 
T-50. 1 2 *tmlMXJ£U:©-rc~ ?-»HJ©ligfl*fc 

[02 ] S*©3l±tf^©F/G«t*fL-t 1150- 

1080 -c©iaais^*aaT.5^raL/F ? h 

U 0. 1 0 ymlMXtU:©>K— Zfr&Rifiim 

[03 3 1 1 5 0-1 0 8 0'Ci&aB#iaL/F{C*f-rS 
0. lOtimf^XlititO. 12(imt-fX«±i0 

[04] 1150-1 0 8 0 'CffljafSfflli /F*i40m 
i n^TC^KlfEo-r. F/GJC^-T-SO. lOjim 
X«±©^-?- -* ^JH6iffi<DM«gSr^LfcRI«Eir* 
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m 5 ] *^r^ffl-rs^fs*ii^.fcc zmmmn, 
cbi 6 ]. iis©c z i±tfgg=&^ u/c3iHj@ 
[0 7] mmm 1 . 2 mn&m 1 . 2 antcmik 

tPbi'pgi l>fcls w n©-k- f ■<> JUT" -f X# 

Ifl'l-^Of+X 2-5l±tf^-f>^ 3-# 
£A« 4-JB08MKK. 5-S9l^7iK. 6 -JUS 
7-Jfflfet-f. 0-#X« 

an. 1 0 -^x3»ao» 1 1 -JWfliB&aM* 
sisso) . 12-attw.. 13-^iPfs. 14- 
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